Weconducted a prospe ctive, descriptive study of40 tracheotom ized patients to investigate the relationships between (1) levels of accumulated oropharyngeal secretions and laryngeal penetration/aspiration status, (2) secretion levels and tube-o cclusion status, and (3) tube-occlusion status and aspiration status .Assessments ofsecretion status were quantifi ed with the use ofa 5-point rating scale. All evaluations were made by fib eroptic endoscop ic evaluation of swallowing. Wefound that pati ents with higher secretion levels were more likely to aspirate than were patients with lower secretion levels. Als o, patients who tolerated pla cement of a tube cap had the lowest mean secretion level, and thos e who tolerated only light fin ger occlusion had the highest; likewise, most patients with normal secretion levels tolerated a capped tube, and a plurality ofpatients with profound secretion levels tolerated only light fing er occlusion. Finally, no significant differences were observed with respe ct to occlusion status and aspiration rates.
Introduction
Reductions in the amount of oropharyngeal secretions and possible improvement in swallowing ability are two of the reported secondary benefits of occluding a tracheotomy tube and using a one-way speaking valve. "? Reductions in the amount of secretions in such circumstances have been described by Passy and colle agues, although their finding s were based largely on anecdotal reports from patients and clinicians. amount of secretions in ventilator-dependent patients following the use of a one-way speaking valve.' They also reported reductions in the frequency of tracheal suctioning, although they provided no objective data to support this finding, and no direct visualization of the airway was performed. Lichtman et al studied the effects of a one-w ay speaking valve on secretion accumul ation by measuring the amount of content that was suctioned from the oral cavity and tracheotomy tube over a 24-hour period." They were the first to quantify the effects of a speaking valve on secretions, but their study was limited by the small sample size (N = 7) . Also , they provided no clear description of their suctioning technique or the frequency with which they performed suctioning under variou s conditions; in fact, suctioning was performed according to a patient's needs rather than at comparable time s under speaking-valve and nonoccluded conditions. Finally, they did not perform direct visuali zation of the accumulated oropharyngeal secretions.
The relationship between the presence of accumulated oropharyngeal secretions and subsequent aspiration has been previously established. [10] [11] [12] In 2003, our group published the results of a study of 28 patients; in that same article, we introduced our cla ssification scheme for oropharyngeal secretions, which is based on a 5-point scale (the Marianjoy scale ; figure) ." We found that patients with higher secretion-scale values were more likely to aspirate than were patients with lower secretion values . We also found that patients with a tracheotomy tube had higher secretion levels than did patients without a tube.
Reports in the literature on the effects of tracheotomy tube occlusion on a person's ability to swa llow safely have varied . Some investigators" ? have found that occlusion and the use of a one-way speaking valve reduce or eliminate aspiration, while others" :" have reported no effe ct; still others -" have reported that some patients benefit and some do not.
Until now, no publi shed rese arch has involved the use of levels were gra ded according to the 5-p oint Marianjo y secretion scale (figure) .'? Each swallow was evaluated for the degree ofl aryngeal penetration or aspiration. Laryng eal penetrati on was defined as the entr y of material into the laryngeal vestibule down to the level of the voca l folds. Aspiration was defined as the entry of material below the level of the vocal folds. Aspirat ion was con sidered "si lent" when no cough response occurred. The patient's diet levels were classified into four categories: NPO , therapeutic feedin gs, modified diet, and regular diet. Olympus ENF flexible endo scop es and Pentax sensory flexible endoscopes were used for this study. Light was provided by an Olympus CLK -4 light source and a Kay Elemetrics RLS 91OOB light source. Th e studies were recorded on digital videodisc.The instituti onal review board at Mari anjo y Rehabilitation Hospital app roved this study, and all patient s signed an inform ed-c onsent statement.
Spearman 's p (rank correlation coefficient) was calculated to evaluate the relationship betw een secretion-scale level and laryn geal penetration, aspiration, silent aspiration, initial diet level, and duration of tracheotomy tube placement. Cro ss-tabulations and chi-square (X 2 ) anal yses were completed to test for an association between secretion level and aspiration status. Paired t tests and a one-way analysis of variance (ANOYA) were compl eted on the continuous variabl es. 
Results
Secretion level and laryngeal penetration/aspiration status. Secreti on levels were normal in 6 patient s ( 15.0%), mild in 6 (15.0%), moderate in 4 (10 .0%), severe in 9 (22 .5%), and profound in 15 (37.5%). The mean secretion level in all 40 patient s was 3.53.
Overall, 19 of 40 patients (47.5%) dem onstrated aspiration ; IS of these 19 cases (78.9%) were silent. The mean secretion level was 4.3 for patients who aspirated and 2.8 for those who did not aspirate-the difference was statistically significant (p =0.00 I ).
The relationships between secretion level and laryngeal penetration , aspiration, silent aspiration, and initial diet level were all statistically significant; secretion level was not correlated with the duration of tracheotomy tube placement (table I) . Higher secretion levels were associated with a great er inciden ce of laryngeal penetration and aspiration.
Patients and methods
Our study popul ation was mad e up of 40 co nsecutive patients-24 men and 16 women, aged 30 to 85 year s (mean: 62.8 ± 12.04)-who had been admitted over a 23-month period to Marianjoy Rehabilitation Hospital, a freestanding institution in Wheaton, Ill. The se patients had been admitted for a variety of medical diagnoses, including stroke, traumatic brain injury, spina l cord injur y, heart failure , and respiratory failure . The dur ation of intub ation ranged from 14 to 192 days (mea n: 74 ± 46).
All patients underwent a standard fiberoptic endoscopic evaluation of swallowing (FEES) in accordance with establi shed protocols.t-" :" For 28 patients, orders had included nil per os (NPO) prior to FEES. Occlusion status indicated the type of occlu sion that a patient had been able to toler ate prior to FEES . Tubes were occluded in one of three ways: by a cap , by a one-way speakin g valve, or by a finger.
Prior to the pre sentati on of any food or liquid, secretion a standardized secretion scale to qu anti fy the relationship between tracheotom ized patient s' accumulated oropharyngea l secretion levels as evaluated by endoscopy and their occlusion status. In this article, we describe the result s of our prospective, descriptive study of the relationships betwe en (1) secretion level and lar yngeal penetration/aspiration status, (2) secretion level and occlu sion status, and (3) occlu sion status and aspiration status. 
Discussion
The result s of this study are co nsistent with those of our earlier study." Both studies showe d that patient s with higher secretion levels were more likely to dem onstrate laryngeal penetration and aspiration. Moreover, the mea n secre tion levels in the two studies were similar-3.53 in the curre nt study and 3.96 in the previo us study. The curre nt study describes for the first time the relationship between secre tion levels and occlusion status based on the use of a standardized secretion scale to describe accumulated orop haryngeal secretions. Previous studies of the relationship betwee n secretion levels and occlusion status relied on anecdotal reports and subjec tive interpretations.1-4
Even though the digital-occlusion group had the highest aspiration rate (66.7 %), no significant relationship betwee n type of occ lusio n and aspi ration rate was observ ed. The fact that the aspiration rates in those with profou nd secre tions The significant relationship between secre tion level and initial diet level indica tes that patients with higher secretion levels were more likely to be on a restrictive diet or on NPO orders .
Secretion level and occlusion status. Of the 40 patient s, 19 (47.5%) tolerated a tube cap , 9 (22.5%) tolerated a one-way speak ing valve, and 12 (30.0%) tolerated only light finger occl usion (table 2) . Patients who tolerated placement of a tube cap had the lowest mean secre tion level (2.95), and those who tolerated only finger occ lusion had the highest (4.34); the differe nces between secre tion levels and occl usio n status were statistica lly sign ificant (F = 3.6 1, P = 0.037) . Likewise, most patie nts with norm al secretion levels tolerated a capped tube, while a plur ality of patien ts with profo und secretion levels tolerated only finger occl usion (table 3) .
Occlu sion status and aspiration statu s. Asp iratio n was seen in 7 of the 19 patients (36 .8%) in the cap gro up, 4 0f 9 (44.4 %) in the speak ing-va lve gro up, and 8 of 12 (66. 7%) in the finger gro up. Th e differences amo ng aspiration rates in the three occlusio n gro ups were not statistica lly significant (X 2 = 2.667 , P = 0.264). The aspiration rates in patient s with profound secretions were fairly eve nly distributed acco rding to the type of occlus ion-75 .0% (3/4) in the cap group, 75 .0% (3/4) in the speaki ng-va lve gro up, and 85.7% (617) in the finger gro up. 1 (n = 6) 2 (n = 6) 3 (n =4) 4 (n =9) 5 (n = 15)
Secretion level
were fairly eve nly distributed among the three types of occlusio ns sugges ts that occlusio n status does not predict aspira tion. In fact, we found that it is secre tion level that predicts aspiration. The findings of our study support previous research that showed that occ lusio n status did not affec t swallowing ability.":"
One limitation of our study is that it was only a descriptive study. Another is that we did not establish a causal relationship between occlusion status and secre tion level ; the des ign of our study did not allow us to determine if a cha nge in occlusion status was related to a cha nge in secre tion level or vice versa. At this time, we are able to state only that we observed an asso ciation between occlusion status and accumulated oropharyngeal secretions. Further more, we should also take into acco unt the fact that acc umulated orophary ngeal secretions can be affecte d by additio nal factors, such as pulmo nary secretions, infection, medi cal instability, vocal fold immo bility, swallowi ng freq uency, laryngeal sensa tions, etc.
Current studies are focusing on the deve lopment of objective evaluations of the cause-and-effect relationship between occlusion status and secretion levels. These studies invo lve the use of a standardized secretion sca le and direct endosco pic visualization of both the upper and lower airwa y at specified times. For more information and to register, visit:
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